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1. Introduction
The chapter focuses on the analysis of the impact of packaging in Operations Management
(OM) along the whole supply chain. The product packaging system (i.e. primary, secondary
and tertiary packages and accessories) is highly relevant in the supply chain and its impor‐
tance is growing because of the necessity to minimize costs, reduce the environmental im‐
pact and also due to the development of web operations (i.e. electronic commerce).
A typical supply chain is an end-to-end process with the main purpose of production, trans‐
portation, and distribution of products. It is relative to the products’ movements normally
from the supplier to the manufacturer, distributor, retailer and finally the end consumer. All
products moved are contained in packages and for this reason the analysis of the physical
logistics flows and the role of packaging is a very important issue for the definition and de‐
sign of manufacturing processes, improvement of layout and increase in companies’ effi‐
ciency.
In recent years, companies have started to consider packaging as a critical issue. It is neces‐
sary to analyse the packages’ characteristics (e.g. shape, materials, transport, etc.) in order to
improve the performance of companies and minimize their costs. Packaging concerns all ac‐
tivities of a company: from the purchasing of raw materials to the production and sale of
finished products, and during transport and distribution.
In order to manage the activities directly linked with the manufacturing of products (and
consequently with the packaging system), the OM discipline is defined. It is responsible for
collecting various inputs and converting them into desired outputs through operations [1].
Recently, more and more companies have started to use web operations. Electronic com‐
merce (e-commerce) is the most promising application of information technology witnessed
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in recent years. It is revolutionising supply chain management and has enormous potential
for manufacturing, retail and service operations. The role of packaging changes with the in‐
crease in the use of e-commerce: from the traditional “shop window” it has become a means
of information and containment of products.
The purpose of the chapter is to briefly describe a model of OM discipline usable to high‐
light the role of packaging along the supply chain, describing different implications of an
efficient product packaging system for successful management of operations. Particular at‐
tention is paid to the role of product packaging in modern web operations.
The chapter is organised as follows: Section 2 presents a brief description of OM in order to
engage the topic of packaging. The packaging logistics system is described in Section 3, be‐
fore presenting experimental results of studies dealing with packaging perception by both
companies and customers [2; 3]. Moreover, Section 3 introduces the packaging logistics sys‐
tem also including the analysis of the role of packaging in OM and a description of a com‐
plete mathematical model for the evaluation of total packaging cost is presented. Section 4
presents background about modern e-commerce and its relationship with OM. Packaging
and e-commerce connected with OM is described in Section 5 and a case study on packaging
e-commerce in operations is analysed in Section 6. Finally, the conclusion and further re‐
search are presented.
2. Operations management in brief
The brief introduction to OM wants to introduce the important role of packaging in all activ‐
ities of a company. This section will describe a model of OM discipline that the authors have
taken as a reference for dealing with the packaging topic.
According to Drejer et al. [4], the “Scientific Management” approach to industrial engineer‐
ing developed by Frederick Taylor in the 1910s is widely regarded as the basis on which
OM, as a discipline, is founded. This approach involved reducing a system to its simplest
elements, analysing them, and calculating how to improve each element.
OM is the management function applied to manufacturing, service industries and no-profit
organizations [5] and is responsible for all activities directly concerned with making a prod‐
uct, collecting various inputs and converting them into desired outputs through operations
[1]. Thus, OM includes inputs, outputs, and operations. Examples of inputs might be raw
materials, money, people, machines, and time. Outputs are goods, services, staff wages, and
waste materials. Operations include activities such as manufacturing, assembly, packing,
serving, and training [1]. The operations can be of two categories: those that add value and
those with no added value. The first category includes the product processing steps (e.g. op‐
erations that transform raw materials into good products). The second category is actually a
kind of waste. Waste consists of all unnecessary movements for completing an operation,
which should therefore be eliminated. Examples of this are waiting time, piling products, re-
loading, and movements. Moreover, it is important to underline, right from the start, that
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the packaging system can represent a source of waste, but at the same time, a possible
source of opportunities. Before waste-to-energy solutions, for example, it is possible to con‐
sider the use of recycled packages for shipping products. The same package may be used
more than once; for example, if a product is sent back by the consumer, the product package
could be used for the next shipment.
OM can be viewed as the tool behind the technical improvements that make production effi‐
cient [6]. It may include three performance aims: efficiency, effectiveness, and customer sat‐
isfaction. Whether the organization is in the private or the public sector, a manufacturing or
non-manufacturing organization, a profit or a non-profit organization, the optimal utiliza‐
tion of resources is always a desired objective. According to Waters [1], OM can improve ef‐
ficiency of an operation system to do things right and as a broader concept. Effectiveness
involves optimality in the fulfilment of multiple objectives with possible prioritization with‐
in them; it refers to doing the seven right things well: the right operation, right quantity,
right quality, right supplier, right time, right place and right price. The OM system has to be
not only profitable and/or efficient, but must necessarily satisfy customers.
According to Kleinforfer et al. [7], the tools and elements of the management system need to
be integrated with company strategy. The locus of the control and methodology of these
tools and management systems is directly associated with operations. With the growing re‐
alization of the impact of these innovations on customers and profit, operations began their
transformation from a “neglected stepsister needed to support marketing and finance to a
cherished handmaiden of value creation” [8].
According to Hammer [9], a wave of change began in the 1980s called Business Process Re‐
engineering1 (BRP). BPR provided benefits to non-manufacturing processes by applying the
efforts that Total Quality Management2 (TQM) and Just In Time3 (JIT) had applied to manu‐
facturing. Gradually, this whole evolution came to be known as Process Management, a
name that emphasized the crucial importance of processes in value creation and manage‐
ment. Process management is given further impetus by the core competency movement [13],
which stressed the need for companies to develop technology-based and organizational
competencies that their competitors could not easily imitate. The confluence of the core com‐
petency and process management movements led to many of the past decade’s changes in‐
cluding the unbundling of value chains, outsourcing, and innovations in contracting and
supply chains. People now recognize the importance of aligning strategy and operations, a
notion championed by Skinner [14].
As companies developed their core competencies and included them in their business proc‐
esses, the tools and concepts of TQM and JIT have been applied to the development of new
products and supply chain management [7]. Generally, companies first incorporated JIT be‐
1 BRP is the fundamental re-thinking and radical re-design of business processes to achieve improvements in critical
contemporary measures of performance, such as cost, quality, service, and speed [10].
2 TQM is an integrative philosophy of management for continuously improving the quality of products and processes
[11].
3 JIT is a manufacturing program with the primary goal of continuously reducing, and ultimately eliminating all forms
of waste [12].
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tween suppliers and production units. The 1980s’ introduction of TQM and JIT in manufac‐
turing gave rise to the recognition that the principles of excellence applied to manufacturing
operations could also improve business processes and that organizations structured accord‐
ing to process management principles would improve. According to Kleindorfer et al. [7],
the combination of these process management fundamentals, information and communica‐
tion technologies, and globalization has provided the foundations and tools for managing
today’s outsourcing, contract manufacturing, and global supply chains. In the 1990s compa‐
nies moved over to optimized logistics (including Efficient Consumer Response4 (ECR)) be‐
tween producers and distributors, then to Customer Relationship Management5 (CRM) and
finally to global fulfilment architecture and risk management. These supply chain-focused
trends inspired similar trends at the corporate level as companies moved from lean opera‐
tions to lean enterprises and now to lean consumption [17]. Figure 1 shows these trends and
drivers, based on Kleindorfer et al. [7].
Supplier Producer Distributor/Retailer Customer
1980s
TQM-JIT
1990s
ECR
2000s
CRM
2005
Global Fulfillment Architecture and Risk Management
Figure 1. Trends and drivers of Operations Management (1980-2000) [7]
In order to manage the supply chain, organizations have to make different decisions about
OM that can be classified as strategic, tactical, and operational. A graphical representation of
the three decision levels of OM is shown in Figure 2 [18].
The three decisions’ levels of OM interact and depend on each other: the strategic level is a
prerequisite for the tactical level, and this in turn is a prerequisite for the operational level.
Strategic, tactical, and operational levels of OM are closely connected with the packaging
system. Packaging is cross-functional to all company operations, since it is handled in sever‐
al parts of the supply chain (e.g. marketing, production, logistics, purchasing, etc.). A prod‐
uct packaging system plays a fundamental role in the successful design and management of
the operations in the supply chain. An integrated management of the packaging system
from the strategic (e.g. decision of defining a new packaging solution), tactical (e.g. defini‐
tion of the main packaging requirements) and operational (e.g. development of the physical
4 ECR is an attempt to increase the velocity of inventory in the packaged goods industry throughout the supply chain
of wholesalers, distributors and ultimately end consumers [15].
5 CRM is a widely implemented model for managing company’s interactions with customers. It involves using tech‐
nology to organize, automate, and synchronize business processes [16].
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packaging system and respect of the requirements) point of view, allows companies to find
the optimal management of the packaging system and to reduce packaging cost.
A general framework of product packaging and the packaging logistics system will be pre‐
sented in Section 3.
2.1. Sustainable operations management
OM is increasingly connected with the environment and sustainable development (i.e. the
development that meets the needs of the present without compromising the ability of future
generations to meet their own needs), and it now concerns both the operational drivers of
profitability and their relationship with people and the planet.
Following the definition of sustainability by the World Commission on Environment and
Development (WCED), Sustainable Operations Management (SOM) is defined as the set of
skills and concepts that allow a company to structure and manage its business processes in order to
obtain competitive returns on its capital assets without sacrificing the needs of stakeholders and with
regard for the impact of its operations on people and environment.
In order to perform sustainable operations, it is necessary to enlarge the perspective of OM, in‐
cluding people and the planet. According to Kleindorfer et al. [7], SOM integrates the profit
and efficiency orientation of traditional OM with broader considerations of the company’s in‐
ternal and external stakeholders and its environmental impact. SOM helps companies to be‐
come agile, adaptive and aligned, balancing the people and the planet with profits [7].
Figure 1 has shown the evolution of OM since the 1980s. Figure 3 shows the impact of the
SOM in the supply chain [7]. SOM has emerged over recent years and it influences the entire
life cycle of the product (e.g. the management of product, recovery and reverse flows).
 
A 
B 
C 
Strategic level 
Tactical level 
Operational level 
Figure 2. Graphical representation of OM’s decision levels [18]
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Supplier Producer Distributor/Retailer Customer
1980s
TQM-JIT
1990s
ECR
2000s
CRM
2005
Global Fulfillment Architecture and Risk Management
2010
Sustainable Operations Management
Lean operations pervade and permeate the entire life of the product, including the management of product 
recovery and reverse flows.
Figure 3. The impact of SOM in the supply chain (1980-2010) [7]
Considering the sustainability, environmental responsibility and recycling regulations, the
packaging system plays an increasingly important role. Several environmental aspects are
affected by packaging issues:
• Waste prevention: packages should be used only where needed. Usually, the energy con‐
tent and material usage of the product being packaged are much greater than that of the pack‐
age;
• Material minimization: the mass and volume of packages is one of the criteria to mini‐
mize during the package design process. The use of “reduced” packaging helps to reduce
the environmental impacts;
• Re-use: the re-use of a package or its component for other purposes is encouraged. Re‐
turnable packages have long been used for closed loop logistics systems. Some manufac‐
turers re-use the packages of the incoming parts for a product, either as packages for the
outgoing product or as part of the product itself;
• Recycling: the emphasis focuses on recycling the largest primary components of a pack‐
age: steel, aluminium, paper, plastic, etc.;
• Energy recovery: waste-to-energy and refuse-derived fuel in facilities are able to make
use of the heat available from the packaging components;
• Disposal: incineration, and placement in a sanitary landfill are needed for some materials.
According to the studies conducted by Regattieri et al. [2; 3], users and companies have
shown an interest in the environment and its link with the packaging system. Indeed, they
believe that careful use of packaging can lead to an important reduction in environmental
impact. Companies have begun to use recyclable materials (e.g. cardboard, paper, and plas‐
tic) and to re-use packages for other activities (for example online retailers are beginning to
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re-use secondary packages of back products for future shipments). The next section de‐
scribes the packaging system and its crucial role for the activities along the supply chain,
and then in OM.
3. A theoretical framework of the packaging system
During recent decades, the importance of the packaging system and its different functions
has been increasing. Traditionally, packaging is intended as a means of protecting and pre‐
serving goods, handling, transport, and storage of products [19]. Other packaging functions
like sales promotion, customer attention and brand communication have consistently grown
in importance [20]. It means that when a packaging developer makes a package, it needs to
be designed in order to meet the demand from a sales and a marketing perspective, and not
only from a manufacturing process and transportation network perspective [21].
The European Federation defines packaging as all products made of any materials of any nature
to be used for the containment, protection, delivery and presentation of goods, from raw materials to
processed goods.
Packaging is built up as a system usually consisting of a primary, secondary, and tertiary
level [22]. The primary package concerns the structural nature of the package; it is usually
the smallest unit of distribution or use and is the package in direct contact with the contents.
The secondary package relates to the issues of visual communication and it is used to group
primary packages together. Finally, the tertiary package is used for warehouse storage and
transport shipping [23].
A graphical representation of packaging system is shown in Figure 4:
The packaging system is cross-functional, since it interacts with different industrial depart‐
ments, with their specific requests of how packages should be designed, and these are often
contradictory. Thus, packages have to satisfy several purposes, such as:
• Physical protection: the objects enclosed in the package may require protection from me‐
chanical shock, vibration, electrostatic discharge, compression, temperature, etc.;
• Hygiene: a barrier from e.g. oxygen, water vapour, dust, etc. is often required. Keeping
the contents clean, fresh, sterile and safe for the intended shelf life is a primary function;
• Containment or agglomeration: small objects have to be grouped together in one package
for efficiency reasons;
• Information transmission: packages can communicate how to use, store, recycle, or dis‐
pose of the package or product;
• Marketing: packages can be used by marketers to encourage potential buyers to purchase
the product;
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• Security: packages can play an important role in reducing the risks associated with ship‐
ment. Organizations may install electronic devices like RFID tags on packages, to identify
the products in real time, reducing the risk of thefts and increasing security.
3.1. Packaging system and operations management
In recent years, packaging design has developed into a complete and mature communica‐
tion discipline [24]. Clients now realize that packages can be a central and critical element in
the development of an effective brand identity. The packaging system fulfils a complex ser‐
ies of functions, of which communication is only one. Ease of processing and handling, as
well as transport, storage, protection, convenience, and re-use are all affected by packaging.
The packaging system has significant implications in OM. In order to obtain successful man‐
agement of operations, packaging assumes a fundamental role along the whole supply chain
and has to be connected with logistics, marketing, production, and environment aspects. For
example, logistics requires the packages to be as easy as possible to handle through all proc‐
esses and for customers. Marketing demands a package that looks nice and is the right size.
Packages do not only present the product on the shelf but they also arouse consumers’ ex‐
pectations and generate a desire to try out the product. Once the product is purchased,
packages reassure the consumer of a product’s quality and reinforce confidence [24]. Pro‐
duction requires only one size of packaging for all kinds of products in order to minimize
time and labour cost. The environmental aspect demands the packaging system to be recy‐
Tertiary packaging
Secondary packaging
Primary
packaging
Figure 4. Graphical representation of the packaging system
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clable and to use the least material possible. Figure 5 shows the main interactions of the
packaging system.
 
Logistics 
Handle, transport, store, 
distribution 
Packaging 
Containment, protection, 
convenience, communication, 
apportionment, unitization 
Production 
Produce, make, 
assemble, fit 
Marketing 
Sell, differentiate, 
promote, value, inform 
Environment 
Reduce, re-use, recover, 
dispose 
Figure 5. The main interactions of the packaging system
Scholars dealing with packaging disagree about its main function: some researchers empha‐
size that packaging is a highly versatile marketing tool [20], while others consider it mainly
as an integral element of the logistics function [19; 25]. It is necessary to balance the techno‐
logical and marketing aspects of packaging, indeed it has a significant impact on the effi‐
ciency of both logistics (e.g. manufacturing and distribution costs, time required for
completing manufacturing and packing operations, which affect product lead time and due
date performance to the customer) and the marketing function (e.g. products’ selling, shelf
presentation, etc.).
Environment
Market
Flow
Figure 6. The main functions of the packaging system [26]
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During the recent decades, the environmental aspect is considered by companies that deal with
the packaging system. According to Johansson [26] the packaging system can be divided in
three main functions, that interact each other: flow, market and environment (Figure 6).
The flow function consists of packaging features that contribute to more efficient handling
in distribution. Packaging logistics, internal material flows, distribution, unpacking, dispos‐
al and return handling are included in this function.
Packaging logistics is a relatively new discipline that in recent years has been developed and
has gained increasing attention in terms of the strategic role of logistics in delivering com‐
petitive advantage by the industrial and scientific community [22; 25]. Industry and science
attribute different maturity levels to the subject depending on country and culture. Accord‐
ing to Saghir [22], the concept of packaging logistics focuses on the synergies achieved by inte‐
grating packaging and logistics systems with the potential of increased supply chain efficiency and
effectiveness, through the improvement of both packaging and logistics related activities. A more re‐
cent definition of packaging logistics is attributed to Chan et al. [27], who describe packag‐
ing logistics as the interaction and relationship between logistics and packaging systems that
improve add-on values on the whole supply chain, from raw material producers to end users, and the
disposal of the empty package, by re-use, material recycling, incineration or landfill. Both the defini‐
tions ([22; 27]) focus on the importance of the packaging logistics system, mainly in order to
improve the efficiency of the whole supply chain.
In the market function, things like design, layout, communication, ergonomic aspects that
create value for the product and the brand are important features for the packaging system
[18]. The purpose of the market function is to satisfy customers and to increase product
sales.
During recent decades the link between packaging and marketing is analysed in depth by
several authors, and packaging has been studied as a marketing instrument that can influ‐
ence some specific aspects, such as product positioning, consumer attention, categorization
and evaluation, usage behaviour, intention to purchase or brand communication [28]. The
aspect is significant since the package plays the role of an important interface between the
brand owner and the consumer. The initial impression of product quality by the consumers
is often judged by the impression of the package [29].
In the current operational environment, planning innovations must take into account not
only marketing and logistics functions, but also a factor that is emerging as increasingly im‐
portant: the environmental aspect. It aims to reduce the negative effects of the packaging
system on the environment. Issues like the use of fewer inputs for the same outputs and the
re-use of materials, facilitate the recycling of packaging [18]. Verruccio et al. [28] suggest
that an increasing number of companies are choosing approaches that take care of the envi‐
ronmental aspects. It is further established that the design of the packaging system heavily
influences the environmental aspect of activities in the supply chain [29; 30-32].
With regard to packaging logistics, the use of an appropriate packaging system (in terms of
functions, materials, size and shape) can improve the management of operations [18]:
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1. Facilitate goods handling. This function considers the following aspects:
2. a. Volume efficiency: this is a function of packaging design and product shape. In order
to optimize the volume efficiency of a package, this function can be split into two parts,
internal and external filling degree. The first regards how well the space within a pack‐
age is utilized. When using standardized packages with fixed sizes, the internal filling
degree might not always be optimal. The external filling degree concerns the fitting of
the primary packages with secondary and of secondary with tertiary [7]. Packages that
perfectly fill each other can eliminate unnecessary handling and the risk of damage, but
it is important not to be too ambitious. Too much packaging may be too expensive, and
there is a point where it is less costly to allow some damage than to pack for zero dam‐
age;
3. b. Consumption adaptation: the quantity of packages must be adapted to the consump‐
tion in order to keep costs low and not to tie unnecessary capital. Moreover it is desira‐
ble to have flexible packages and a high turnover of the packaging stock [7];
4. c. Weight efficiency: the package must have the lowest possible weight, because volume
and weight limit the possible amount to transport. The weight is even more important
when packages are handled manually [7];
5. d. Handleability: the packaging must be easy to handle for people and automatic sys‐
tems working in the supply chain, and final customers [7]. According to Regattieri et al.
[2; 3], the handleability is considered the most critical packaging quality attribute by
Italian companies and users;
6. Identify the product. The need to trace the position of goods during transport to the final
destination can be achieved in different ways, for example by installing RFID tags in
packages. Thanks to this new technology, it is possible to identify the position of both
packages and products in real time. This system leads to a reduction in thefts, increase
in security, mapping of the path of products and control of the work in progress;
7. Protect the product. The protection of the product is one of the basic functions of packag‐
ing for both companies and users [2; 3]. An unprotected product could cause product
waste, which is negative from both the environmental and the economic point of view.
Packages must protect products during manufacturing and assembly (within the facto‐
ry), storage and picking (within the warehouse) and transport (within the vehicle) from
surrounding conditions, against loss, theft and manipulation of goods.
3.2. The role of packaging along the supply chain
Due to the different implications of the packaging system with all the activities of an organi‐
zation, as underlined in the previous paragraphs, packaging has to be considered an impor‐
tant competitive factor for companies to obtain an efficient supply chain.
The packaging function assumes a crucial role in all activities along the supply chain (e.g.
purchase, production, sales, transport, etc.). It is transversal to other industrial functions
such as logistics, production, marketing and environmental aspects. The packaging function
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has to satisfy different needs and requirements, trying to have a trade-off between them.
Considering the simplified supply chain of a manufacturing company (Figure 7), it is possi‐
ble to analyse the role of the packaging function for all the parties of the supply chain.
Supplier 1 Supplier 2 Supplier n
Production Warehousing
Manufacturer
Carriers
Receiving Warehousing Picking Shipping
Reuse/ Recycling/ Disposal
Carriers
Wholesaler
Distributor Centre
Receiving Shipping Replenishing RetailerRetail outlet
End consumer 1 End consumer  2 End consumer m
Figure 7. Typical supply chain of a manufacturing company
N suppliers provide raw materials to the manufacturer, which produces the finished prod‐
ucts, sold to the distribution centre, then to the retailer and finally to m end consumers. In
the middle, there are carriers that transport and distribute finished products along the sup‐
ply chain. Each party has different interests and requirements regarding the function of
packaging. Table 1 shows the different role of packaging for the parties to the supply chain.
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Party Role of packaging
n Suppliers Suppliers are more interested in the logistics aspect of packaging than in marketing. They have to
send products to the manufacturer and their purpose is the minimization of the logistics costs
(transport, distribution, warehousing), so they prefer a package that is easy to handle and
transport.
Manufacturer The manufacturer produces finished products to sell to the distribution centre and, indirectly, to
end consumers. It is important for the manufacturer to take into account all aspects:
• product protection and safety,
• logistics,
• marketing and the
• environment.
Product protection and safety: the packages have to protect and contain the product,
withstanding mechanical shocks and vibrations;
Logistics: the manufacturer has to handle, store, pick and transport the product to the
distribution centre. He has to make primary, secondary and tertiary packaging that is easy to
transport, minimizes logistics costs and improves the efficiency of the company;
Marketing: the manufacturer has to sell its products to the distribution centre that in turn sells to
the retailer and in turn to end consumers. The manufacturer is indirectly in contact with end
consumers and has to make primary packaging (the package that the users see on the shelf) that
can incite the consumer to buy that product instead of another one. As Pilditch [33] said, the
package is a “silent salesman”, the first thing that the consumer sees when buying a product;
Environment: people are more and more careful about protecting the environment. The
manufacturer has to study a package that minimizes the materials used and can be re-usable or
recyclable.
The manufacturer has to balance the aspects described above in order to obtain an efficient
supply chain.
Wholesaler The wholesaler purchases products from the manufacturer and transports them to the
distribution centre. He is mainly interested in the logistics aspect of packages since the most
important functions are warehousing, picking and shipping the products. The wholesaler needs a
package that is easy to handle and transport rather than one with an attractive shape and design.
Retailer The retailer has to sell products to end consumers and for this reason, needs to consider what
interests the end consumers. Marketing and environmental aspects are important: marketing
because the package is a “shop window” for the product; environment since people are careful
about minimizing pollution preferring to buy products contained in recyclable or re-usable
packages.
m End consumers End consumers are interested in marketing (indeed primary and secondary packages are effective
tools for marketing in real shops [33]) and environmental aspects.
Table 1. The role of packaging for the parties along the supply chain
In conclusion, the packaging system plays a fundamental role along the entire supply chain
where the parties often have opposite requirements and needs. Its design can be considered
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an element of OM discipline and must be integrated in the product design process taking
into account logistics, production, marketing and environmental needs.
3.3. The perception of packaging by Italian companies and consumers [2; 3]
Regattieri et al. [2; 3] conducted two studies about the perception of packaging by Italian
companies and users. The first deals with how Italian companies perceive and manage the
packaging system, while the second discuss how Italian users perceive packaging quality at‐
tributes. The next two paragraphs briefly present the analysis conducted.
3.3.1. Packaging perception by Italian companies [2]
The study conducted by Regattieri et al. [2] is based on an explorative study of packaging
development and packaging logistics, conducted in several Italian companies, from different
industrial sectors. After the analysis of the Italian situation, the findings have been com‐
pared with the corresponding situation in Sweden. The comparison is mainly based on pre‐
vious research conducted at the packaging logistics division of Lund University [34; 35].
In order to discuss the Italian industrial situation in terms of the packaging system, the au‐
thors implemented a questionnaire on packaging and its relationship with logistics, product
and the environment. The quantitative content analysis of questionnaires allowed the au‐
thors to look in more depth at the Italian situation concerning packaging.
The first interesting data to underline is that more than half of companies (52.1%) think that
packaging and its functions are critical and that their sales even depend on packaging
(52.2%).
Another interesting analysis relates to packaging functions: protection and containment of
the product are considered the most relevant function of packaging since it has effects on all
activities throughout the supply chain, followed by product handling and communication
(Figure 8). Like Italian companies, the packaging function most frequently mentioned by
Swedish industries is the protection of products [34].
In order to obtain significant results on the product handling function, it is necessary to co-
design product and packaging development. Companies are aware of the importance of in‐
tegrating the development of the product with the development of the package: although a
large percentage of Italian companies think the integration packaging and product is impor‐
tant and could reduce costs during the product life cycle, only 34.8% of them develop the
packaging and the product at the same time. Italian companies, unlike Swedish ones, usual‐
ly develop packaging after the designing the product.
In the same way as Swedish industries [34], Italian companies also consider logistics and
transport an important packaging function. Indeed, 86.3% of companies report evaluating
packaging costs from the transport point of view, mainly focusing on compatibility with ve‐
hicles and protection of goods (Figure 9). This data underlines the importance of the link be‐
tween packaging and logistics systems: companies know that packaging (in terms of
material, shape and size) influences storage, transport and distribution of goods. Although
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the most respondents compute packaging costs from the logistics point of view, only 39.1%
of them report evaluating the total cost of packaging.
Figure 9. Classification of evaluating packaging logistics cost
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The questionnaire also pointed out the importance of the relationship between packaging and
the environment: 77.3% of Italian companies report using methods and applications in order
to evaluate environmental aspects and 56.5% report recycling packaging materials. It is still a
low percentage compared with Swedish data: in Sweden, consumer packages are largely recy‐
cled (e.g. 90% of glass, 73% of metal and 74% of paper and cardboard packages [36]).
The comparison between Italian and Swedish industries’ perception of packaging has high‐
lighted both Sweden’s long-standing tradition in packaging development and in packaging
logistics research and practice and the increasing attention of Italian industries on the im‐
portance of packaging functions (e.g. logistics and environmental aspects). Italian compa‐
nies are following the Swedish ones in the development of a packaging logistics system and
in the integration of packaging and product development, while maintaining their own
characteristics. For more details, see Regattieri et al. [2].
3.3.2. Packaging perception by Italian customers [3]
The second analysis conducted by Regattieri et al. [3] is based on an explorative study con‐
ducted through a questionnaire distributed to Italian users. In order to understand how cus‐
tomer satisfaction may be increased, the authors analysed Italian consumers’ perception of
packaging quality attributes using the Theory of Attractive Quality, developed by Kano et
al. in 1984 [37]. The findings are then compared with those of Swedish customers [38].
Kano et al. [37] defined a quality perspective in which quality attributes are divided into dif‐
ferent categories, based on the relationship between the physical fulfilment of a quality at‐
tribute and the perceived satisfaction of that attribute. The five categories are attractive, one-
dimensional, must-be, indifferent and reverse quality. All quality attributes can be satisfied
or dissatisfied independently and they can change from one status to another according to
the changes in customers’ perspective. The packaging quality attributes are classified into
three entities: technical (e.g. protection of the product, use of recyclable materials), ergonomic
(everything relating to adaptations to human behaviour when using the product (e.g. ease of
grip, ease of opening, user-friendly)) and communicative (the packaging’s ability to commu‐
nicate with customers (e.g. use of symbols, instructions for using packaging, brand commu‐
nication)).
The questionnaire is made up of three parts:
• General information about the customers;
• Functional and dysfunctional question about packaging quality attributes. The classifica‐
tion into attractive (A), one-dimensional (O), must-be (M), indifferent (I), reverse (R) and ques‐
tionable (Q) (Q responses include sceptical answers (Kano et al., 1984)) is made using an
evaluation table (Figure 10), adapted by Löfgren and Witell [38] from Berger et al. [39].
• Level of importance of packaging characteristics: customers had to assign a value be‐
tween 1 (not important) and 10 (very important) to the packaging quality attributes.
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The analysis of the questionnaires shows that Italian users are mainly interested in the ergo‐
nomic entity, made up of packaging characteristics that permit easy of handling of the prod‐
uct. Italians believe that the most important packaging function is protection of the product,
according to the traditional role that has always been attributed to the packaging function.
For each packaging quality attribute, better and worse average values are calculated, indi‐
cating whether customer satisfaction can be increased by satisfying a certain requirement
(better) or whether fulfilling this requirement may merely prevent customer dissatisfaction
(worse) [39].
Better average =
∑
i=1
n (A + O)
∑
i=1
n (A + O + M + I)  ∀ j         Worse average=
∑
i=1
n (M + O)
∑
i=1
n (A + O + M + I)  ∀ j  
i=1,…,n is the number of responses for each packaging quality attribute
j=1,…,m represents packaging quality attributes
Figure 11 shows the Worse-Better Diagram for Italian users.
The Worse-Better Diagram focuses on technical, ergonomic and communicative entities.
Contrary to the ergonomic and communicative entities, it is not possible to identify a defi‐
nite cluster for the technical group, since the packaging quality attributes are scattered in the
diagram, moving from one-dimensional (e.g. recyclable materials) to indifferent (e.g. addi‐
tional functions) to must-be (e.g. protection of the product). Ergonomic and communicative
Figure 10. Evaluation table to classify packaging quality attributes (table adapted by [38] from [39])
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entities assume definite clusters in the Worse-Better Diagram: the packaging quality attrib‐
utes belonging to the ergonomic entity are mainly classified as one-dimensional. They are
distinctive attributes that customers consider during the purchase of a product, comparing
different brands. Italian customers locate the communicative quality attributes in the middle
of the diagram. They delineate a specific cluster, but the dimension to which they belong is
not clear.
Another important analysis is the level of importance attributed by Italian users to each
packaging quality attribute. The highest values of importance are assigned to the protection
of the product (9.59), open-dating (9.47), and hygiene (9.52). Italian customers seem to be in‐
terested neither in the aesthetics of packaging (attractive and nice looking print and the aes‐
thetic appeal have low levels of importance: 4.52 and 5.00 respectively) nor in the additional
functions (5.80).
From the comparison with the Swedish results [38], both Italians and Swedes have similar
behaviour in terms of perception of packaging quality attributes. They consider the ergo‐
nomic quality characteristics the most significant packaging attributes, and the protection of
the product the most important packaging function. Italians also perceive the use of recycla‐
ble material another important packaging attribute, in line with the growing importance of
environmental considerations. Neither Italians nor Swedes place importance on aesthetics.
For more details, see Regattieri et al. [3].
3.4. A mathematical model for packaging cost evaluation
As the previous paragraphs have underlined, the packaging system has numerous implica‐
tions along the supply chain (e.g. marketing, production, logistics, purchasing, etc.). In order
to define optimal management of the packaging system, it is necessary to evaluate the total
packaging cost, made up of e.g. purchasing cost, manufacturing cost, transport and labour
cost, management cost, etc. The study conducted by Regattieri et al. [2] underlines that most
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Figure 11. Worse-Better diagram for Italian perception on packaging quality attributes
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companies do not estimate the total packaging costs and, to confirm this, literature analysis
shows the lack of a complete function for calculating the total cost of packaging in a compa‐
ny. For this reason, the authors have developed a complete mathematical model, consider‐
ing all the cost parameters regarding the packaging system (primary, secondary and tertiary
packages and accessories) along the whole supply chain of a manufacturing company.
The model represents added value for companies seeking to estimate the total costs of their
packaging system and consequently its impact on total company costs. Moreover, it may be
possible to find out the overlooked and oversized packaging factors. The former should be
introduced in the calculation of the total packaging costs, while the latter could be reduced
or eliminated.
Figure 12 shows the simplified supply chain of a manufacturing company.
SUPPLIER_1
SUPPLIER_2
SUPPLIER_3
SUPPLIER_n
RETAILER_1
RETAILER_2
RETAILER_3
RETAILER_r
END CONSUMERS
MAN it
Stock it i Production Finished
Products
Stock PFPF
BUY it
MANUFACTURING 
COMPANY
Figure 12. Simplified supply chain of a manufacturing company
The manufacturing company can rent or purchase packages (primary, secondary and terti‐
ary and accessories) and raw materials (if the manufacturer produces packages internally)
from the supplier n. When goods arrive, they are received in the manufacturer’s receiving
area, sorted and stored in the warehouse. If the company has to produce the packaging, the
raw materials are picked and brought to the manufacturing area, where packages are made
and subsequently stored in the warehouse. The raw materials not used during the manufac‐
turing stage are brought back to the warehouse, creating a reverse flow of materials. When
the finished products are produced, the packages are picked from the warehouse and
brought to the manufacturing area. The packages not used during the manufacturing stage
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are brought back to the warehouse, creating a reverse flow of materials. The finished prod‐
ucts are packed, put onto a pallet, and delivered to the retailer m. The model considers the
possibility to re-use packages after the delivery of the finished products to the final custom‐
ers and the possible disposal of packages if they are damaged. In addition, the model con‐
siders the possibility for the manufacturer to make a profit from sub-products derived from
the disposal of packages and/or from the sale of tertiary packages to the final customers.
Table 2, 3 and 4 describe the indices, variables and cost parameters used in the model.
Index Domain Description
i 1,…,4
Level of package:
i=1 (primary package)
i=2 (secondary
package)
i=3 (tertiary package)
i=4 (accessories)
t 1,…,m Different packages foreach level i
n 1,…,s Suppliers
r 1,…,q Retailers
Table 2. Indices of the model
Variable Units Description Domain
xnit [pieces/year]
Quantity of raw materials
bought by the company from
the supplier n to produce
package i of type t.
i=1,…,4; t=1,…,m;
n=1,…,s
x’it [pieces/year]
Quantity of package i of type t
produced by the
manufacturer company from
raw materials.
i=1,…,4; t=1,…,m
ynit [pieces/year]
Quantity of package i of type t
bought by the company from
supplier n.
i=1,…,4; t=1,…,m;
n=1,…,s
wnit [pieces/year]
Quantity of package i of type t
rented by the company from
the supplier n.
i=1,…,4; t=1,…,m;
n=1,…,s
rit [pieces/year]
Quantity of disposed package
i of type t from which the i=1,…,4; t=1,…,m
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Variable Units Description Domain
company has a profit from
sub-products.
urit [pieces/year]
Quantity of package i of type t
sold by the company to the
retailer r.
i=1,…,4; t=1,…,m;
r=1,…,q
NORD
[orders/
year]
Number of orders for buying
raw materials and/or
packages i of type t.
NEXT TRAN nit [trips/year]
Number of trips of raw
materials and/or packages i of
type t from the supplier n to
the manufacturer.
i=1,…,4; t=1,…,m;
n=1,…,s
NINT TRAN it [trips/year]
Number of trips of raw
materials and/or packages i of
type t from the
manufacturer’s receiving area
to the warehouse.
i=1,…,4; t=1,…,m
NINT TRAN 1 it [trips/year]
Number of trips of raw
materials i of type t from the
warehouse to the
manufacturing area to
produce packages from xit.
i=1,…,4; t=1,…,m
NINT TRAN 2 it [trips/year]
Number of trips of packages i
of type t produced by the
manufacturer and transported
from the production area to
the warehouse.
i=1,…,4; t=1,…,m
NINT TRAN 3 it [trips/year]
Number of trips of packages
(produced/bought/rented) i
of type t from the warehouse
to the production area in
order to support finished
products.
i=1,…,4; t=1,…,m
NREV INT TRAN 2 it [trips/year]
Number of trips of packages i
of type t not used during the
production of finished
products and transported
from the manufacturing area
to the warehouse.
i=1,…,4; t=1,…,m
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Variable Units Description Domain
NREV INT TRAN 1 it [trips/year]
Number of trips of the
quantity of raw materials i of
type t not used during the
production of packages and
transported from the
manufacturing area to the
warehouse.
i=1,…,4; t=1,…,m
NREV EXT TRAN rit [trips/year]
Number of trips of packages i
of type t from the retailer r to
the manufacturer.
i=1,…,4; t=1,…,m;
r=1,…,q
Table 3. Variables of the model
Parameter Nomenclatures Units Description
CENG Cost ofEngineering [€/year]
Cost for studying each type of packaging and for making prototypes. It
includes the labour costs of engineering the product.
CORD Cost of PurchaseOrder [€/order]
Cost for managing the internal purchase orders if the manufacturer
produces the packaging internally; otherwise it represents the purchase
orders for buying and/or renting packaging from suppliers. It includes the
labour costs for making the order.
CPUR Cost ofPurchasing [€/piece] Purchase cost of raw materials (to produce packaging) and/or packages.
CRENT Cost of Rent [€/piece] Cost to rent packages.
CEXT TRAN Cost of ExternalTransport [€/travel]
Cost for transporting raw materials and/or packages from the supplier to
the manufacturer: it comprises labour costs, depreciation of vehicles (e.g.
truck), cost of the distance travelled.
CREC Cost of Receiving [€/year]
Cost for receiving raw materials and/or packages. It includes the labour
costs and depreciation of vehicles (e.g. truck, forklift) used to unload
products.
CCOND Cost ofConditioning [€/year]
Cost for sorting raw materials and/or packages before storing them in the
warehouse. It includes the labour costs and depreciation of mechanical
devices (if used), for example for unpacking and re-packing products.
CINT TRAN Cost of InternalTransport [€/travel]
Cost for transporting raw materials and/or packages from the
manufacturer’s receiving area to the warehouse. It includes the labour
costs, depreciation of vehicles (e.g. forklift), cost of the distance travelled.
CSTOCK Cost of Stocking [€/piece]
Cost for storing raw materials and/or packages in the warehouse. It
includes the labour costs and the cost of the space for storing the
packages.
CPICK Cost of Picking [€/piece]
Cost for picking raw materials from the warehouse for producing the
packages. It includes the labour costs and depreciation of vehicles (e.g.
forklift) for picking the products.
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Parameter Nomenclatures Units Description
CINT TRAN 1 Cost of InternalTransport1 [€/travel]
Cost for transporting raw materials from the warehouse to the
manufacturing area to produce the packages. It includes the labour costs,
depreciation of vehicles (e.g. forklift), cost of the distance travelled.
CMAN Cost of PackagesManufacturing [€/piece]
Cost for producing packages internally; it includes the labour costs,
depreciation of production plants and utilities (e.g. electricity, water, gas,
etc.).
CREV 1 Cost of InternalReverse Logistics1 [€/travel]
Cost of transport for bringing the raw materials not used during
manufacturing back to the warehouse. It includes:
CREV INT TRAN 1: the cost of transport for coming back to the warehouse. It
comprises labour costs, depreciation of vehicles used (e.g. forklift), cost of
the distance travelled;
CREV INT COND 1: the cost of conditioning packages to make them re-usable. It
comprises the labour costs and depreciation of mechanical devices (if
used), for example for unpacking and re-packing products.
CINT TRAN 2 Cost of InternalTransport2 [€/travel]
Cost for transporting the packages produced by the company from the
production area to the warehouse. It includes the labour costs,
depreciation of vehicles (e.g. forklift), cost of the distance travelled.
CSTOCK 1 Cost of Stocking1 [€/piece] Cost for stocking packages produced internally by the company. It includesthe labour costs and cost of the space for storing the packages.
CPICK 1 Cost of Picking1 [€/piece]
Cost for picking packages (produced/bought/rented) from the
warehouse. It includes the labour costs and depreciation of vehicles (e.g.
forklift) for picking the packages.
CINT TRAN 3 Cost of InternalTransport3 [€/travel]
Cost for transporting packages from the warehouse to the manufacturing
area. It includes the labour costs, depreciation of vehicles (e.g. forklift), cost
of the distance travelled.
CREV 2 Cost of InternalReverse Logistics2 [€/travel]
Cost of transport for bringing packages not used during the
manufacturing of finished products back to the warehouse. It includes:
CREV INT TRAN 2: the cost of transport for coming back to the warehouse. It
comprises the labour costs, depreciation of vehicles used, cost of the
distance travelled;
CREV INT COND 2: the cost of conditioning packages to make them re-usable. It
comprises the labour costs and depreciation of mechanical devices (if
used), for example for unpacking and re-packing products.
CRE-USE Cost of Re-Use [€/year]
Cost of re-using packaging after the delivery of finished products to the
customer. It includes:
CREV EXT TRAN: the cost of transport for coming back to the company. It
comprises the labour costs, depreciation of vehicles used (e.g. truck), cost
of the distance travelled;
CREV EXT COND: the cost of conditioning packages to make them re-usable. It
comprises the labour costs and depreciation of mechanical devices (if
used), for example for unpacking and re-packing products.
CDISP Cost of Disposal [€/piece]
Cost of disposing of damaged packages during the manufacturing stage. It
comprises the cost of disposal, the cost of transporting damaged packages
from the company to the landfill (labour costs, depreciation of vehicles
used (e.g. truck), cost of the distance travelled).
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Parameter Nomenclatures Units Description
RSUB Gain from Sub-Product [€/piece]
The parameter identifies the possible gain obtained from the disposal of
damaged products.
RUDC Gain from DirectSale of Pallet [€/piece]
This parameter identifies the possible gain obtained from the sale of
tertiary packaging to the final customer.
Table 4. Cost parameters of the model
Equation (1) introduces the general formula of the model.
CTOT =CENG + CORD + CPUR + CRENT + C EXT  TRAN + CREC +
+CCOND + CINT  TRAN  + CSTOCK + CPICK + CINT  TRAN 1 + CMAN + C REV 1 +
+CINT  TRAN 2 + CSTOCK 1 + CPICK 1 + CINT  TRAN 3 + C REV 2+CRE -USE  +  C DISP - RSUB - RUDC
(1)
Equation (2) presents the mathematical model, explaining each cost parameter in detail.
CTOT = (∑i=14 ∑t=1m CENG  it) + (NORD ⋅∑i=14 ∑t=1m CORD it) + (∑n=1s ∑i=14 ∑t=1m CPUR  nit ⋅ (xnit + ynit))+
+(∑
n=1
s ∑
i=1
4 ∑
t=1
m CRENT  nit ⋅wnit) + (∑n=1s ∑i=14 ∑t=1m CEXT  TRAN  nit ⋅N EXT  TRAN  nit)+
+(∑
i=1
4 ∑
t=1
m CREC  it) + (∑i=14 ∑t=1m CCOND it) + (∑i=14 ∑t=1m C INT  TRAN  it ⋅N INT  TRAN  it)+
+(∑
i=1
4 ∑
t=1
m CSTOCK  it ⋅ (xit + yit + wit)) + (∑i=14 ∑t=1m C PICK  it ⋅ xit)+
+(∑
i=1
4 ∑
t=1
m CINT  TRAN 1it  ⋅N INT  TRAN 1it) + (∑i=14 ∑t=1m CMAN  it ⋅ xit' )+
+((∑
i=1
4 ∑
t=1
m CREV  INT  TRAN 1it  ⋅N REV  INT  TRAN 1it) + (∑i=14 ∑t=1m CREV  INT  COND1it))+
+(∑
i=1
4 ∑
t=1
m CINT  TRAN 2it  ⋅N INT  TRAN 2it) + (∑i=14 ∑t=1m CSTOCK 1it  ⋅ xit' )+
+(∑
i=1
4 ∑
t=1
m CPICK 1it  ⋅ (xit' + yit + wit)) + (∑i=14 ∑t=1m CINT  TRAN 3it  ⋅N INT  TRAN 3it)+
+((∑
i=1
4 ∑
t=1
m CREV  INT  TRAN 2it  ⋅N REV  INT  TRAN 2it) + (∑i=14 ∑t=1m CREV  INT  COND2it))+
+((∑
r=1
q ∑
i=1
4 ∑
t=1
m CREV  EXT  TRAN  rit  ⋅N REV  EXT  TRAN  riit) + (∑i=14 ∑t=1m CREV  EXT  COND it))+
+(∑
i=1
4 ∑
t=1
m CDISP  it) - (∑i=14 ∑t=1m RSUB it ⋅ rit) - (∑r=1q ∑i=14 ∑t=1m RUDC  rit ⋅urit)
(2)
The mathematical model allows companies to have a complete tool for analysing the total
packaging costs in order to understand packaging cost reductions and consequently the
minimization of the impact of total packaging cost on total company cost.
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4. E-commerce
Among all operations, web operations are taking on an important role in the global trend of
the purchasing process. During recent years, more and more people have begun to use the
Internet and to buy a wide range of goods online. The World Wide Web (WWW) allows
people to communicate simultaneously or asynchronously easily and effectively, shortening
distance and time between individuals [40].
E-commerce is a new sales tool, in which consumers are able to participate in all the stages
of a purchasing decision, while going through processes electronically rather than in a real
shop. E-commerce is the process of trading goods, information, or services via computer
networks including the Internet [41; 42]. There is an increasing consensus that e-commerce
will represent a large share of retail markets in the future [43].
E-commerce channels in traditional companies have changed their operations and business
strategy. That impact has been described by three main issues: integration, customization,
and internationalization. First, e-commerce networks improve value chain integration by re‐
ducing transaction costs, facilitating JIT delivery, and improving information collection and
processing [41; 42]. Secondly, e-commerce databases and direct links between producers and
customers support high levels of product and service customization [44]. Finally, the Inter‐
net’s international scope allows small companies to reach customers worldwide [45; 46].
As the Internet becomes more popular, e-commerce promises to become a mainstay of mod‐
ern business [47]. There are dozens of e-commerce applications such as home banking, shop‐
ping in online stores and malls, buying stocks, finding a job, conducting an auction and
collaborating electronically on research and development projects [42].
According to Gunasekaran et al. [48], e-commerce supports functional activities in organiza‐
tion: marketing, purchasing, design production, sales and distribution, human resource
management, warehousing and supplier development. For example, the advent of e-com‐
merce has changed marketing practice [48]. E-commerce systems should provide sure access
to use, overcoming differences in time to business, location, and language between suppliers
and customers and at the same time support the entire trading process in Business to Busi‐
ness (B2B) e-commerce [49]. Communication and data collection constraints are reduced
with web-based production of goods and services. Using database management, data ware‐
house, and data mining technologies, the web can facilitate interaction with customers and
suppliers, data collection, and data analysis processes [50].
Table 5 [48] summarises e-commerce applications and e-commerce tools and systems to sug‐
gest how e-commerce might support functional activities.
The open standard of the Internet ensures that large organizations can easily extend their
trading communities, by increasing the efficiency of their business operations. According to
Gunasekaran et al. [48], Internet-based e-commerce enables companies to:
• Shorten procurement cycles through the use of online catalogues, ordering, and payment;
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• Reduce development cycles and accelerate time-to-market through collaborative engi‐
neering, product, and process design;
• Gain access to worldwide markets at a fraction of traditional costs;
• Significantly increase the speed of communication, especially international communica‐
tion;
• Drastically reduce purchasing and production cycles;
• Reduce the cost of communication that in turn can reduce inventory and purchasing
costs;
• Promote a closer relationship with customers and suppliers;
• Provide a quick and easy way of exchanging information about a company and its prod‐
ucts, both internally and outside the organization.
5. Packaging and e-commerce in operations management
Every year Internet-based companies ship millions of packages throughout the world [24].
Online shopping influences packaging and its interactions with industrial function, mainly
with marketing. The more people shop online, the more the role and the function of packag‐
Functional areas E-commerce applications E-commerce tools and systems
Marketing Product promotion, new sales channels, direct
savings, reduced cycle time, customer services.
B2B e-commerce, Internet ordering, website
for the company.
Purchasing Ordering, fund transfer, supplier selection. EDI, Internet-purchasing.
Design Customer feedback, research on customer
requirements, product design, quality function
deployment, data mining and warehousing.
WWW integrated CAD, Hyperlinks, 3D
navigation, Internet for data and information
exchange.
Production Production planning and control, scheduling,
inventory management, quality control.
B2B e-commerce, MRP, ERP, SAP.
Sales and distribution Internet sales, selection of distribution
channels, transportation, scheduling, third
party logistics.
Electronic funds transfer, bar-coding system,
ERP, WWW integrated inventory management,
Internet delivery of products and services.
Human resource
management
E-recruitment, benefit selection and
management, training and education using
WWW.
E-mails, interactive web sites, WWW based
multimedia applications.
Warehousing Inventory management, forecasting,
scheduling of work force.
EDI, WWW integrated inventory management.
Supplier development Partnership, supplier development. WWW assisted supplier selection, e-mails,
research on suppliers and products with WWW
and intelligent agents.
Table 5. E-commerce applications areas, tools and systems [48]
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ing change, since the shelf presentation of the product becomes less important [24]. Visser
[24] stated that it is difficult to translate the existing packaging design used for the tradition‐
al way of buying in a real shop and marketing tactics into online retailing. E-commerce re‐
quires a new paradigm for the entire product packaging system. For example, in real shop
the traditional primary package is a good agent for any products, not only because of the
text descriptions, but also for its visual communication. It can effectively deliver product in‐
formation and brand identity, and is a good cognitive agent for recognition. In an online
shop, users cannot directly see the package nor touch the product, but other characteristics
such as protection and re-usability for efficient take-back of products take on great impor‐
tance [40]. The direct feeling with customers is less important since the contact is mediated
by the computer.
The Internet does not determine the design of packages. However, if online shopping is be‐
coming more common, packaging design must be reconsidered [24]. The changing role of
packaging in the purchase of a product makes it desirable and possible to give more atten‐
tion to the consumer’s perception of a brand while the user is using it, and less attention to
its shelf presentation. Retailers that sell online have to consider packages as a means of mar‐
keting and disseminating information instead of a mere covering for a product [24].
Block and Segev [51] suggest the following e-commerce impacts on marketing:
• Product promotion: e-commerce enhances the promotion of products and services
through direct information and interactive contact with customers;
• New sales channels: e-commerce creates a new distribution channel for existing products,
owing to its direct support of research on customers and the bidirectional nature of com‐
munication;
• Direct savings: the cost of delivering information to customers by Internet results in sub‐
stantial savings. Greater savings are also made in the direct delivery of digitized products
compared to the costs of traditional delivery;
• Reduced cycle time: the delivery time for digitized products and services can be reduced.
Also, the administrative work related to physical delivery, especially across international
borders, can be reduced significantly;
• Customer service: it can be greatly enhanced for customers to find detailed information
online. In addition, intelligent agents can answer standard e-mail questions in few sec‐
onds.
The advent of e-commerce has also had several implications on logistics and the environ‐
ment. From the logistics point of view, packaging has to increase its function of protection
and covering of products, since products have to be transported to reach the customer. The
theme of reverse logistics takes on great importance since customers can return wrong
and/or unsuitable products. The advent of Internet distribution produces significant savings
in shipping, and can facilitate delivery. Even those who use transportations can use Internet-
based tools to increase customer service. Web-based order tracking has become common‐
place. It allows customers to trace the shipment of their orders without having to contact the
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shipper directly [48]. Several electronic tools, like Electronic Data Interchange (i.e. the struc‐
tured transmission of data between organizations by electronic means, EDI) can have a sig‐
nificant impact on the management of online packaging. EDI enables minimal stocks to be
held with the consequent saving in storage, insurance, warehousing and labour costs (re‐
duction in manual processing reduces the need for people) [48]. The packaging system must
ensure secure shipping, reduce the possibility of theft, increase security and identify where
the products are in real time.
From the environmental point of view, packaging in e-commerce has very similar require‐
ments to traditional shopping, such as the use of recyclable materials, reduction of the
amount of materials used, possibility to re-use packages in case of returned products from
customers, disposal of damaged packages with the minimum production of pollution.
Table 6 shows the main interactions between packaging and other industrial issues in both
real and online shopping.
Real shop Online shop
Marketing:
Sell, differentiate, promote, value,
inform, shelf presentation, visual
communication
Marketing:
Brand identity, means of
disseminating information, product
promotion,
Logistics:
Handle, transport, store, distribution
Logistics:
Protection and covering the products,
transport, reverse logistics, security
Environment:
Reduction of materials used, re-use,
recover, disposal
Environment:
Reduction of materials, recyclable
materials, re-use, disposal
Table 6. Packaging and industrial issues in real and online shops
6. A case study: Packaging e-commerce logistics in operations
management
This section presents a case study on an Italian wholesaler; its main activities consist of pur‐
chasing goods from suppliers and selling and distributing them to retailers that in turn sell
to end consumers through a “real shop”.
The wholesaler is interested in starting a new business: the e-commerce activity. The whole‐
saler wants to sell directly to end consumers, bypassing the retailers and, at the same time,
continue the B2B transactions.
Traditionally, the wholesaler receives goods from suppliers in the receiving area; the goods
are unpacked, sorted and stored in the warehouse. When a retailer asks for products, they
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are picked from the shelves and packed according to the retailer’s order. After that, the
products packed in secondary packages are loaded onto the truck and dispatched to the re‐
tailer. Finally, he sells the products to end consumers in real shops. The packages are not
labelled with identification technology (e.g. barcodes, RFID, etc.). Figure 13 shows in detail
the activities of the wholesaler.
RECEIVING
WAREHOUSING
PICKING
PREPARING
DISPOSAL
Activities:
Quality control
Unpacked and sorted of the 
product
Stocked of the product in the 
shelves
When arrive an order by a 
retailer, products are picked 
packed in cardboard boxes
Orders are prepared for the 
shipping
The products contained in the 
packages are shipped DISPATCHING
Packaging are used
for waste-to-energy
solution
Figure 13. The wholesaler’s activities
The project concerns the study of a new packaging system (in terms of material, shape, ac‐
cessories used for protecting the product) to be used for online shopping. The new package
has to take into account mainly the logistics aspects required by the e-commerce business.
The wholesaler has defined several requirements for the new packaging solution:
• Protection of the product: products contained in secondary packages have to be protected
from mechanical shocks, vibrations, electrostatic discharge, compression, etc.;
• Handleability: the ergonomic aspect, that is everything relating to adaptations to the hu‐
man physique and behaviour when using the product, has to be considered; the package
has to be easy to open, easy to grip and user-friendly;
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• Security: packages must ensure secure shipping. It is necessary to install identification
technologies, like RFID tags or barcodes, in secondary packages in order to reduce thefts,
increase security, and reduce costs and time spent on the traceability of products;
• Respect for the environment: the package has to be recyclable, in line with the require‐
ments of end consumers and has to have minimum environmental impact;
• Re-use of packages from the supplier when the products back to the wholesaler.
The research activity starts from the study of several typical orders defined by the wholesal‐
er in order to determine the best packaging configurations that optimize the combination of
logistics, protection of the product and re-use of packages. The wholesaler decided to re-use
the cardboard boxes in which the products are sent by suppliers. This solution minimizes
the packaging system costs and reduces the environmental impact. According to these con‐
siderations, Figure 14 shows an example of the secondary package chosen.
Figure 14. The typical cardboard box used as secondary package
After that, the accessories are chosen in order to protect products from mechanical shocks,
vibrations and compression during transport. Pluriball, polystyrene and interior cushioning
are chosen as flexible protective accessories (an example of interior cushioning is shown in
Figure 15).
The authors have analysed the possibility to install RFID tags on secondary packages in or‐
der to find out the position of the products in real time and to increase security during trans‐
port, minimizing the possibility of thefts and loss of products.
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Figure 15. Accessories used for protecting products (courtesy of Soropack Group)
The new packaging solution presents several advantages in terms of:
• Protection of the product: the products inside the packages are protected thanks to the ac‐
cessories used that increase the protection of products, damping the shocks during trans‐
port;
• Handleability: the package is user-friendly, easy to handle and to open;
• Security: the installation of RFID tags in the secondary packages allows the wholesaler to
increase security during transport, reduce the number of thefts, and find out the position
of the package at all times. This aspect may also be important for the end consumer since
he can verify the position of the product he has ordered;
• Respect for the environment: the packages and accessories used for the e-commerce busi‐
ness can be recycled (the cardboard box is paper and the interior cushioning plastic) and
secondary packages are re-used: the wholesaler use the cardboard with which the prod‐
ucts arrive from the suppliers for dispatching products to end consumers.
In order to define a new packaging solution for the e-commerce business and, according to
OM discipline, the strategic, tactical and operational levels have to be analysed. The defini‐
tion of a new packaging solution for the e-commerce business, allowing transactions costs to
be minimized and leading to an increase in business, is a strategic decision. The tactical
management defines the main packaging requirements and the operational level has to im‐
plement the solution. The activities of the operational level are to test the products and pack‐
ages in order to verify the resistance to shocks, build the website from sell by the WWW,
study the shape, materials and accessories for packages, define a package that is as easy as
possible to handle and transport and analyse the installation of RFID tags in secondary
packages. Figure 16 shows in detail the decisions and operations at all levels in the pyramid
of the OM decision levels.
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AB
C
Test of packages in 
order to evaluate its 
resistance to shocks 
during the transport
Protection of the 
product: use interior 
cushioning as 
accessories
Respect of the 
environment: re-use 
and/or recycle 
secondary packages
Handleability: packages 
are easy to handle, to 
open and to transport
Security: use of RFID 
increase security and 
know the position of 
products in real time
Less packaging varieties 
and sizes as possible
Definition of the 
packaging requirements:
New packaging solution 
for e-commerce business
Minimization of 
management costs
Increase of the 
business
• Protection of the product
• Handleability
• Respect of the environment
• Security
Study of the materials 
and shapes and building 
of the web site
STRATEGIC LEVEL
TACTICAL LEVEL
OPERATIONAL LEVEL
Figure 16. The pyramid of OM’s decision levels for the case study
The new solution is implemented by the wholesaler and implies several benefits: an increase
in sales with minimum effort, a reduction in transaction costs and an increase in customer
satisfaction thanks to the environmentally friendly packaging. Moreover, the products are
now traced every time and in real time, thanks to the installation of RFID tags in secondary
packages, reducing thefts, loss and increasing security.
7. Conclusion
Operations Management is defined as the management function responsible for all activities
directly concerned with making a product, collecting various inputs and converting them
into desired outputs through operations [5]; OM discipline can be applied to manufacturing,
service industries and non-profit organizations.
Over the years, new tools and elements such as TQM, JIT, and ECR have become part of the
OM discipline that recognizes the need to integrate these tools and elements of the manage‐
ment system with the company’s strategy. In order to manage all operations, organizations
have to define a strategy, whose decisions are based on three levels: strategic, tactical and
operational. Each level is integrated with the others and has to be interrelated in order to
follow a common purpose. Strategic, tactical and operational decision levels are strictly con‐
nected with packaging features.
Packaging is a multidimensional function that takes on a fundamental role in organizations
to achieve successful management of operations. Johansson [26] stated that the packaging
system (made up of primary, secondary and tertiary packaging and accessories used to pro‐
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tect the products inside) could be divided into three main functions that interact with each
other. They are flow, market and environment. The flow function consists of packaging fea‐
tures that contribute to more efficient handling during transport. The market function con‐
siders the aesthetics aspect in order to create value for the product and finally, the
environment function has the purpose of reducing the negative effects of packaging on the
environment. Packaging has an important role along the whole supply chain: all the parties
(e.g. suppliers, manufacturers, retailers, end consumers) are interested in the packaging fea‐
tures (e.g. protection of the product, aesthetics aspects, reduction of the environmental im‐
pact, etc.).
In order to find the optimal packaging system management, the authors have developed a
complete mathematical model that represents added value for companies seeking to esti‐
mate the total costs of their packaging system and consequently its impact on total company
costs. The model considers all the cost parameters regarding the packaging system, e.g. en‐
gineering cost, warehousing cost, labour cost, transport cost, etc.
The packaging system takes on a  fundamental  role  in online shopping.  In recent  years,
web operations have evolved and organizations who want to start online business have to
reconsider the role of  packaging:  from merely “shop window” in real  shops,  packaging
has to transform into a means of information and transport. The changing role of packag‐
ing in the purchase of a product makes it desirable and possible to give more attention to
the consumer’s perception of a brand while he is using it,  and less attention to its shelf
presentation [24].
The correlation between packaging and e-commerce is a relatively new aspect. The case
study described in Section 5 has shown the will of organizations to enter into the new e-
commerce business, but also the changes that they have to make to the packaging system,
since the packaging requirements of online shopping are different from those of a real shop.
Organizations gain important benefits from e-commerce, such as the increase in labour cost
savings.
Several modifications have to be considered for future thinking concerning online packag‐
ing. Communicative and information functions must be built in to help consumers to identi‐
fy the products easily and to assist them in making precise decisions and reinforcing brand
identity for consumers online. In addition, the ability to attract consumers’ attention and in‐
cite their curiosity about the products are important points to analyse in the future in order
to increase the potential development of packages for online shopping.
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